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Abstract

Ailanthoidol (AT), a membr of neolignan, has been obtained from
the stem woods of Zanthoxylum ailanthoides (1,2). Evidence
demonstrated that neolignan and lignan exhibit a broad range of
biological activites such as antiproliferation, antivirus, antioxidant, caner
preventative and anti-inflammanatory. In the preliminary study, AT
showed an effective antioxidant property. Further investigations showed
that the topical application of AT (0.5, 1.0 and 2.5 mM) inhibited
TPA-induced the incidence of edema in mouse ear to 45, 68 and 96%,
respectively. The topical application of AT inhibited TPA (5 nmol)-caused
induction of epidermals ornithine decatbexylase (ODC) and
myeloperoxidase (MPO) activity. The same doses;of AT also reduced the
formation of hydrogen peroxide in the'mouse skin to an inhibition of 83,
90 and 96%, respectively. In addition, biological analysis revealed the
same AT inhibited inducible nitric oxide synthase (iNOS),
cyclooxygenase-2 (COX-2) protein expression. Pre-application of AT also
afforded significant as protection histopathological changes in
TPA-induced hyperplasia on mouse skin. To investigate Topical
application of AT with TPA three times one week for 24 weeks to mice
previously Benzo[a]pyrene (B[a]P ) inhibited the number tumors per
mouse. Finally, our results indicate that AT can inhibit TPA-induced

inflammation and tumor promotion.



T

SRS TR RAFHA LA ARG BB E Y - #

iﬁ—%ﬁ'ﬁfi’liﬁ“']‘ A\é&f_)r'ﬁi— ]1_,_’:!’6?731__;

—\

—
=%

5 4L
E416ﬁ$—%Aﬂ&&&ﬁaﬁ4o$g§@ﬁAAp;1
- PRI R N S RRENEF R AP AR E
- BEROFY A BT A FBAREY KT LN RORES
Fros 5 bd® ? 2 R [ e BT & R PERIVE T s
T P EFE TN I HFBREFETIEPREDRRFE P L
& o A7 el 1 5 7E B & H) (cancer, chemopreventive agents ) e5F
BT A A F AR P s Fia VR~ Rt TR BE R 2
eyl A) 2o Ap L e a] (R DR 4 D A A RO
b T2 e R kAT X ARend b Bl L F A E (4e

az-lan

HEF ~C|mE e o FE)p v

4

5'74«"‘ ‘fl—‘—'-"”" S B — L

P EREDPRITY > BRI F R RE FuEARY X ’;’:ai%,,%(%

F-)# 7 DR R B 2 A - 5 EH BB ORBER
(multistep carcinogenesis), s = [1] 424~#F (initiation phase) > — P-i#

PR T APEE 0 LB 2w N P e 4 (2] ey

R
(promotion phase)&_d »t— - Rk (T* » 3 LA FR F 775 5 [3]

&£ ¥} (progression phase) & i m¥e B A4S B P AT T ¥ ek o 2-
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metabolisms (8)% oxidative stress (9)* & & 0 E2iE B 5 1Y » 1 b g



oA

KPP FeE RBEGEE > LF REEDEHFES 4o EF
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T ARG cFL AL IROLPA AL YPDBBI L5 P (13) 5
4 Quinoline derivative ~ phenylpropanoid ~ Lignan( 30, 31) ~ steroid ~
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B4 m 3ldeenf RS > & MPOfedyit rinic® T 4 4 5
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4 w33 B B SR> 45 ( Polynuclear  Aromatic
Hydrocarbons ; PAHs) » ¥ d ‘L £ 5 Ak B 7 A 3T > ¥l 72 =% >
VR A N end T FIH B GRS Y 0 FPL S S 3 A
& 5¢ oBla]P FAL@ * N E PN o F (T4 4e® (initiator) o
g ERAKE %S Bla]P £ &% TPA § (%5 82 & (promoter ) »

RIT 365 A ) 3

= ~ TPA (12-O-tetradecanoylphorbol-13-acetate ) (¥ B8]+ )

TPA £_i& Croton Tiglium #3f8 + 0= 5 b ¢ Z 50 eh- f&
phorbol ester » f L Al E K N AVER B F AT K o
phorbol ester® 1/ i8_i# & A= initiation & B it o 0 T € E A HCP
H4e (34-36) 0 Flot o MR AL IR L E RS TERE
2o LA 2 e o F A E PN W (37-39) ; TPA A ¥ 8 %5
i e R 1t SRR 0 fded L B RER R e B kY %R TPA 2 4
YIRS AR e g T BUSd B mre oa § R T do ey R
2 & * (PKC) ~ 3 % £ Fle-Jun/c-fosz 3 B2 5 1 fm e 3 4 chijp M %
% 4oMAPK ~ INK% (40) o % £ 7 L Rg+ » @7 1 e - 8 R
IR (EF o v R EGER KRS m cniEF (41)7 AR 24

[-)#% 4¢P §oepisisps (Ornithine decarboxylase ; ODC) &
2 AF2Z A g AR

[Z)#% A %= 3)2%s 2% (Cyclooxygenase-2 ; COX-2)
B E AT A AR

[=) F#F# Lwmre? 2 NF-kB &t (4245);
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[z ] i % =k &d® TPA ehfiin2 T o § 3 b AL e s oe %
(Hyperplasia ) ;

[z JTPA &7 Fimie ¥ E 515 #1145 (active oxygen species ) 4%
4

.
’

[+ ] 7 i 234§ P DNAbase 3 5 (46) o

= ~ COX-2 (Cyclooxygenase-2 )

A X F ReuEAer o k3 22 (Cyclooxygenase ; COX) &
#-Arachidonic acid ( AA ) # 3% = Prostaglandins (PGs ) #fkey enzyme ©
PGsz - #¥ 2 5 - + B auaT-2 f2 (Eicosanoid)> V44 A # & B¢
£ = » ¥ % autocrine & paraerine ‘frf T B LERYIFER £ 0L
T FEOF G G o R A A AR b A A e
£ F2 F T z;}r‘m)gié: N4 I e % ~ﬂ_~gm»]:cqﬂ£ LEFRE o
Cyclooxygenasej @ &£ # 4 (isoform) - T COX-14-COX-2 (47) -
COX-1447 iahint - b &£ end Mg ul L3 2005 Dot r
A4 A 3!]’9;‘]'\;% D ¥ g BIFIE S Hdew 5J’J¥T£%E (PGE) &% ¥
TOERET RN RS R BA ATHY AP T LN RN
LA E > F COX-14 4L & A " house-keeping COX | » & i-48 b T fir
# & (homeostatic regulation) 2_ * o it ¥ & 5 T COX-2 & lm® ¥ eh 3
BT B s COX2E e i ey Gd FHAS > &1
Arachidonic acid 7 % f8 4 = = 7| Bﬁ'{—% (PGs) 1231427 5 fo8 3t (48)>
Pave 3 A7 B o TPASIA=3 L F A COX-2¢ ~ & 2 IR

(49,50) - COX-2emt3#fA 4+ 2 & 5 w & > & % 5 Prostaglandin E2



(PGE2 )~ Prostaglandin F2 (PGF2 ) ~ Thromboxane A % Prostacyclin »
He o PGE2 &% L F i 5408 (51)> @ 4 4R 5 Pro-inflammatory
mediators ° %3F % 7 B mre ¢y F R COX-2 + £ £ 15
Ayl - L Uy o B cE 2 £ A 4]COX-2

5% % 0 FIt B PR COX-275 Mg £ ILHEF F MO 24 0¥ A o

A ~ INOS (Inducible nitric oxide synthase )

-5t F (NO) &gt F RiEAR® 4% £ & P4 & (52)-NO
4 24 & FEdF- F b5 52 E (NOS) A #-fmwe p 2
L-arginine#& % = & L-citrulih# NO{r p d z @ x> w2 p NOSL &
A A AR - 3 S HERNOS(constitutive NOS; ¢cNOS) » ¥ - 48 5 3
¥ A)NOS (inducible NOSTINOS) o eNOS & A5 7 # 2 NO 2 ‘adFfgp
T ¥ T2 £ &3 4 B RRA > NOE A Eie GDP# % 5 cGMPig &
E1 Sl R IESE RN TN R A b SRS e 58 (R OF 3 F A
FRESEY > - BE &P KBRS FT (neurotransmitter ) % ‘w
Fea e (53) zwA Y Y dp R R R B NERAES
BmPpEFT - o FERE GRS §AINOZ HE pd Aok
F i w2 DNAS AR © ¢ #ggena) & (54) #a > INOS# M3 %
2. X ENOA Jd AR g Fmeenif T 20 FiB R PEFEER S S
Bed e LR R B > dofd kA s ¢ R~ DNAS I ~ %
Forg R R ¥ - 2 G U RE e L A e 2
mpEca s R FRR A B A itE Y s 2R EdL-
A% tieps (L-arginine) %— % i* § & = f# (Nitric oxide synthase ; NOS)
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T s - ¢ AP S L-F AdREe (L-citrulline) fo- %

L% (NO)°NOSH # 54 (type I; nNOS )~ 3% 1+ (type II ; iNOS)
fer A1 (type 11 eNOS) £ =48 » L xREAF R > 0 & §
(2 A gR~Efwmiefed gp AL ) B¢ INOSEL ¥ fin™ 4
A AR A K F 3 p 24 (endogenous) # ¢h 2 4 (exogenous)
%f’z’ﬁf{lj FeA A ded U F B Bok g > P F B (Alzheimer's disease )
B PARERFA g Bk hid (55-57) sy P s ¢

3 ILTPAR = 5 i 2 fp Bag (7% pF > 7r ¢ HEFINOS+ £ 2 I (58) -

1 ~ ODC (ornithine decarboxylase )

ODC #_polyamine fe#feikey enzyme »T& % — 3 > S ixF A
‘w Pz 3 72 (proliferation) 3} &2 M2 A K - BER &4
(59)°1 A5 87 % B4 L/ODCERREE S 4 4 ¥ 3 1
S

Bl - B % Y T F R ODC sk Flik 4 Bk gk

[t}

¥ 2.3 4 B ) (transformation) 5 &+ 4p B 42 (60,61) > ¥

(62)F] 1% F 15 ODC ehgr| ] k if T2 %7 e 70 17 e g 2 77

BESER R - (63)

TN éﬁ%ﬁﬁ%i%ﬁ
FEFALAA A S A BT AW AR (WA FE R

UL F R F R T Rk d o AR Al F S PHEARY
V-3

6

Apd AEFEE A A pF G- BRI BRI SHT S
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* AL g 48 (species) (64) > H L5 Al 5 A A 2 F RF R

TEREEE RS RE TR BN ST PN R

et
(m’r

AP APEARY 2 g A2 pd A E 1§ (activated oxygen)iz & 47

FeenaFwe -mive Ry g me i p A5 F - £ 13- #

FLmreslgp A7 ok d AAEMF A2 P lw
%

B aD FARRT AP RS R G R

"

|

PPk A4 Py (Y FEE 2 L3 1t 4~ (antioxidant) k 45 % B # g

ERF D B AR s AT Y B - 5 d A

3% 4£DPPH » DPPH 5787 B IL R £ 845 1 2 4 g2 2

ko MY AT * ADPRPH 51 7nmerk £ T gt T R g o d A

Fif A @ DPPHp o 3 ek ji (£1#59 & DPPH ik B ™ K% » OD &
4§ FUAR T iR, 950 d DPPHp #oehtE 1T g (AR

AR L A

o R e T 2B

fo1982 & 1 kB & B oL = RFIF o PR 4ol A
Bt € 3R TR R 4 SRR R
FE 2 A EFRRRY PEE S PFREEL BB RETR
(carcinogens) sHE § & 40l (k> & ¥ et T B EAM D B 5

A - A o S APl LR e EF S LY &
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dEE - HE AR ERR DR YA R ¥ AR
FRecife™ ¢ j 5 pd Aengd Hisdopa s g HEA T

- HERT] I Er T AR E

W‘ﬂ

EANES A - dagls
2. e v > Bofs ¥R o ve % 4 (transformation) & 2 R ko
o AR BRI RBA TPA K Eiwmre i TR Fr 5 TPA & & E
sk chim e o 1 TGEH] 0 1 & T LB EIE e T L R T

Bl

4 d-v gk 20 7% 4 PKC~ 3R 28 %] c-Jun/c-fos 2. 3 $ 47 7% 1l vz 3
=

ot

40 B i% % 4 MAPK ~ INK 3 o e o7 = 35425 & & iF fics

I E e 4T R AETES) 0 Sk KA TS £ Ed A5
Fn HRI Y o b B R 18 A2 (multistep carcinogenesis) A =
[1] A242¥F (initiation phase) & — Pk * 7 Vi enffF B> 4 & d 3w
e e pa A R [2) magdy (promotion phase)f_d 3t - i
RER T > i3 A FRFAR 3] :2E Y (progression phase) &
Fpimie AP AT F a8 - EH I DA Y o 5]

POAL

Vet - PEB IS TR I T B A P E X AR E

=i

k& Pk
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SRRE AT B FEP R 0 RN S E L AR
LFAPM AR BT S FE AT RaE LG R M
Gate A AP WBRFE - b hE S FHR I RS
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B UHR A A R TR R R R e R
Kt o @AY 8 X0 (Zanthoxylum ailanthoides Sieb & zucc ) ¢
TRt FEANEBREFEIEINSGET L S0 - AR DRy
MHF St HF S~ S R E :}m},%q* 3% (13,14) > 1983 # d Ishii 7 &
TAFB - B84 A ead AT AP AR A8 A
PR Eer g end]h G & XS i AT B % neolignan
family 2. - » %% %2 v}}?w in & F neolighan = (>4~ % & 5
Frdlm [ AE o B SFUR S FRT (WE RS W ehenitr (15)
LHAPHEFIRAT 24 dfpd e 4 o AR P - d g
P TPAZ 8 LB FE BE 2 FFEA B HREF V451 AT 2 7
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S R EMEE S 2
- EEAE R RE
(=) 83
1.B£p Amershan = 7 (U.K)) :
DL-["*CJornithine hydrochloride (56.0 mCi/mmol)
2.ptp Sigma it & 2 2 (St. Louis, MO, USA)
1,1-Diphenyl-2-picrylhydrazyl (DPPH)
Benzo[a]pyrene (B[a]P)
Dithiothreitol (DTT)
Bovine serum albumin (BSA)
12-O-Tetradecanoylphetbol-13-acetate (TPA)
(=) &E
& k¥ % 1 UV-Visible Spectrophotometer. ( HITACHI ; U2000 )
P id 4 % o Liquid Scitillation Analyzer (Packard ; 2100TR )
278 ¥ © Homogenizer (EYELA ; MAZELA-Z)
% k27 B 4% 0 Knife Holder (LEICA ; CM3050 S)
R S O WA SN i g ﬁi%l 41 % %t ! Luminescent Image
Analyzer & Digital Image Printer (FUJIFILN ; LAS-1000 )
A% 5% ¥ Lypholyzer (Heto ; FD4)
# /B k4t * Condensor (BUCHI; REI11)
Bk 4k & Alge 1% ¢ Centrifuge (HERMLE ; Z323K)

=0 B A  Mini Protein II cell (BIO-RAD )

15



(=) AT e& e o4y
Wi £ 8 S EPT KT R ER L

TROE AR S B R

24 ER

5-bromo-2-hydroxy-3-methoxybenzaldehyde & 7 1% 6 -~ B % Z ) =

SRR RAAAT R E A8, (15)¢

(=) pd 24 #5p 2(Determination of free radical-quenching

capacity)

~F B & * 1,1-Diphenyl-2-pictylhydrazyl (DPPH)p & £ > F1H 4

A o AT il g R T R R 2 8

Nhud

517nm ik £ T F b een k 866) - 4E% DPPH ik & &7 i< »
ok B (0.D) " HE2 ' 1L A PT IgEd DPPH § - Bap Rk g
%% Shimada & i (67) » 7 %4 DPPH p ¢ h¢hit 4 > %) DPPH
S H

A s X Tenpd Ko F%k Y A7 o0 DPPH 7 BBia R 5 %

(violet) % 517nm ™ F ek L@ » F RS > ¥ ¢ % Mk

e
1B

mREthiy DPPH A o fhenic 4 g5 AT $Hp d T 5 Hf fishie

Cd S JE 286 R DPPH § 8 fhebil 4 0 Bk 6 405 4
* oo BRI AR T L

16



B~ 2.87ml methanol 4c » 30ul 10mM DPPH

|
4t » 100ul DMSO(solvent control)&¢ % f &k & AT (0.05~0.1 2 0.2
mM )
|
%7 30 min
|
4v » 1ml redistilled water £2 3ml toluene » I b 4 8 &
|
3000 rpm &< 10 min
|
B~ upper phase % *% spectrophotometer » % £ 517nm T B|H & 2
w3k iE

i%“,éf & (scavenging effect %)

[ 1-(#% &3t 51 Tnm2. =% kofe J4 R 23051 Tmz »% % &)1 ] x 100%

X5 T WAL REFIERL LSRR ERL ok &k B 2 3k B X

(=) &% Xk
ERNMnﬁﬁiéﬂ(ﬁjﬁ%)&g;k%?&@%a@,
AT AR RRT22E2C 0 P RERI2PFEFRIF @ 2455
% B Purina Lab Diet > 4t * -k ( ZAG-K 5 5323 w2 ) # L4440t >
W ARHER T A - X2 BB ERE 0 A EFTESK
(w) ¥R L KMES
[~ fode i e
Bl v REBMA L A2 8 hepd LR ) Eamm
oo % - E i A& 77k &2 20ul acetone (solvent control) » T 4
4 (s £ % 20ul acetone ; % = #3f L kg2 20 ul acetone » T 4 451 £
%4 20 ul TPA(25 uM;; final conc. 0.5 nmol ); % = %3 £ &J2 20 ul

17



AT (25mM)> 7 ~ 48 £ %5 20 ulacetone ; %2 2% % = 27

o
i

Bd2 20 pul 2 kR 2 AT (05-1.0% 25 mM)» T A4kt %3

5

20 pl TPA -

AR F ¥

VEARE R 5 R
Group 1 20 ul  Acetone 20 ul  Acetone
Group 2. 20 ul  Acetone 20 ul  TPA (0.5 nmol)
Group 3. 20 pl AT (245,mM) 20 ul  Acetone
Group 4. 20 ul AT, (05t 20 ul  TPA (0.5 nmol)
Group 5. 20 Wl AT (1.0 mM) 20 ul  TPA (0.5 nmol)
Group 6. 20 ul AT (2.5/miv) 20 ul TPA (0.5 nmol)

2 P&

AF B8 %Y Huang £ 72 (68) 8- H B &im = > -] v &

’ 2

3
n-

AP e NS B R SR Bk BT
FHRE BEFRTIARJGEES I TR SBE LY omm 2 230
A FEE B4 B %1 MeantSD £ v 0 %% AT #f TPA 3l4= % &

B kL A o

(7 ) i#% % * & (hydrogen peroxide,H,0,) k] .(69,70)

18



1~ e
Bl v WA A2 2 F e B %‘J%’Eb%"‘ﬁtﬁ B2 1R
PRFEINEIL BT L% - L] e 3F L JE 200 ul acetone
(solvent control ) » 7 4 45 s £ %= 200 pul acetone ; % = B If L gd2

200 ul acetone > T A 45fs £ %= 200 ul TPA (25 uM ; final conc. 5

B
[

nmol ) ; & = ®3f L &I 200

ul AT (25mM)> 7 ~ 481 %5 200 ul
acetone ; % £ 3 % 2 ®IpALJI® 200 ul # kAR 2 AT (0.5~1.0
2 25mM) T A4&iER &S 200 ul TPA - be 2L ey 20 o) P

Mk BEP S At RS RELA B L R E S L e

A EE SR

R S SOT@EEE | 5120 TR
= B 1 TR RCE
Group 1 200 pul  Acetone 200wl , Acetone 200l Acetone+

200 ul - Acetone
Group 2. 200 ul  Acetone 200 ul TPA (0.5 200 pl - Acetone+
nmol) 200 pl TPA (0.5 nmol)
Group 3. 200 ul AT (2.5 mM) | 200 ul  Acetone 200 pl AT (2.5 mM)+
200 ul - Acetone
Group 4. 200 ul AT (0.5 mM) | 200 ul TPA (0.5 200 W AT (0.5 mM)+
nmol) 200 pl TPA (0.5 nmol)
Group 5. 200 ul AT (1.0 mM) | 200 pl TPA (0.5 200 Wl AT (1.0 mM)+
nmol) 200 pl TPA (0.5 nmol)
Group 6. 200 ul AT (2.5 mM) | 200 ul TPA (0.5 200 WIAT (2.5 mM)y+
nmol) 200 pl TPA (0.5 nmol)

2~m@%ﬁﬂ$?%ﬁw
(1) B ¥ RFILF 20 @) P2 fd > ot Q¥R v 1

19



B P PR RILES SR TV TRE L2002 LK -
(2) B~ AR FFIP~ 1 AL (%% ODC activity assay) I #-i0 o 5 g3 »
2z » 3ml 7 buffer (10 mM sodium azide,;% ** S0mM KH,PO,) i
* polytron homogenizer 32§ it (£ 30 ) -
(3) 14 10,000 rpm #ts 20 min {5 1% & K X # g o
(4) P~ 10 ul 1 5% % ml e » 990 ul <3 PR(phenol red)/HRPO
(horseradish peroxidase)(5mg PR/ml and 10mg HRPO/ml) -
5) #EALZTET S 41845 » ¥R pH E 12.5, IN NaOH
100ul » r2 k& 610 nm = R] Trk sk B o
3~ HyOp erie 8 o SpIRA
& w) e ] HyO, ek 895 7% 0 0, 1.5630, 3.125, 6.250, 12.5, 25.0, u M
CR#Ek 2k ) #3548 2t FkESIH0, 10 pl 4 » 3%
2F % 990 ul 7 PR (phenol red) 7 "HRPO" (horseradish peroxidase)
(0.07mM;0.025¢g/1 /PR and 8.5U/ml 50 1 g/ml/HRPO)solution % i3 *%
140Mm 7 NaCl, 10mM potassium phosphate buffer, pH 7.0, 5.5mM
dextrose, 5053 % ¥ o 8 AFH T 52484 » B bR pH E 12.5,

IN NaOH 100ul » 144 & 610 nm T~ jp] 2 »% £ {8 o

(=) ¥iE 3§ 1 p% % (myeloperoxidase, MPO) =g 2_
1~&5ae
Bam iE % v & (hydrogen peroxide,H,O,) s Bk AJL4p o o
2~ MPO #1335 % (71) 4 2
FawepR g CRAZFGREE AT < E HO,» MPO ~» €5

20



2 34 (72) 0 IR G
Cl + H,0, % OCI+H,0

(1) B a2 QF ALK 20 B P28 bt RETFkEL 5 1
B LR E G TR L2 02 LK o

(2) B2 #I0AL A1 57 B KT AT 4~ 3ml 7 buffer(0.5%
hexadecyltrimethyl ammonium)i¢ * polytron homogenizer 4°C 5
Fit(9304))-

(3) 210,000 rpm &t 20 min & F1* & B % F B ts B3tk o

(4) B 2.5mM i 4-aminoantipyrine-2% phenol solution 1.3ml v
1.7mM H,0, 1.5ml & 4%=3 > B&,ﬁ,ﬁ #& 02ml 4 » m - B A%
PR U S10nm R e o PR e Ak 4 A4 o

(5) - B unit 7 MPO &5 & 25CP# > & 4 &7k f# 1umol HyO, it

2, . * 2 - — Y
4 5 2% 12 ynit/cm” “area of mouse skin % 7T 2. °

(=) B =per i fs (ornithine decarboxylase ; ODC) % {43 %

ODC - &% # 4 f§ Ryetd i o ke ODC ek B 0 % 0 B 23
¥4 A EBT M HRREPRE L
Hzhd 3 oph 14 cn b vRph it i § RN E (T @ 2 B 5 L 14
ZF “RpzZHEZE -
ornithine decarboxylase

14 oy decarboxyl 14
C-ornithine ©ODC) ornithine. CO2(g)

PR PR ke (68,73) XA S RERH A
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1~ & 8

#-] v »\"iﬁﬁ/}ﬁ,\:" w3 w2 B ’31 ﬁ:‘

-rx\q.

Rt iz {8 | o462
PRFEIEIL BRgR Ll E - L ] s 3E L JE 200 ul acetone
(solvent control ) » T 4 4&fs £ %= 200 ul acetone ; % = B3p 4 id2

200 pl acetone > I 4 4afs £ %+ 200 ul TPA (25 uM ; final conc. 5

nmol); % = B 3f L &2 200 ul AT (2.5mM) > T & 4ais £ %+ 200 ul
acetone ; %2 2% % 5 2IFAEIT 200 pl * FiEAR 2 AT (05 1.0
225mM)> I Adais 5 200l TPA » 2 22 W4T £ o
DR E b T

o e
Bl T 2 5 55 el
Group 1 200 pl= Acetone 200 ul  Acetone
Group 2. 200 ul ““Acetone 200 pl TPA (0.5 nmol)
Group 3. 200 ul AT (2.5 mM) 200 ul  Acetone
Group 4. 200 Wl AT (0.5 mM) 200 pl TPA (0.5 nmol)
Group 5. 200 Wl AT (1.0 mM) 200 pul TPA (0.5 nmol)
Group 6. 200 ul AT (2.5 mM) 200 pl TPA (0.5 nmol)

2 ~ ODC 7# 1R+ 5 % ¥ 3
(1) BH Aoz F WA K 5 ) prid > Bt RUEFHEE > T

BEHLIS a2 FIMAF o

22



(2) o2 LA S8°Cokip 30 fy 0 #Rts P B vk o fB
# (epidermis) %

(3) #_ & ¥ >t potassium phosphate buffer (50mM, pH7.7, Iml,p Z
3 2mM Dithiothreitol ~ 0.ImM EDTA % ornithine 0.25 mM) °

(4) sk 12 polytron tissuizer i& {7328 it (5 30 ) ) °

(5) 1420,000xg » & 4C T #rw 20 & 46

(6) P~t jfig s e X & &6 50pl» ¥+ eppendorf ¢ > — & i»
i¥ protien assay ° = % i» i¥ ODC activity assay > 3 **-80C,
overnight °

(7) w5 - g P2 g 30 Wh 5% » 460.1uCi DL- ['*Clornithine
hydrochloride ( ;% %=t it potassium phoSphate buffer ® ) # 43,48
f % 200 plo3# ¢ P22 5g & eppendorf & p 7 0.2 ml 2N NaOH
(eppendorf # 7 2 %My ) a6 22 g v (M1 H
FRIDIR P 1T 0 FE KA (HRIZ) -

(8) * 37C-RiglB Y EFfAF > FRF S 1P R P
# 0.5ml 2M Citric acid &3 &F4-F 47 » & g ® 0@ b 5 o
r2pe 22 0.2 ml NaOH eppendorf s 4z §# 1 22 CO9 o

(9) 30 ~ 4t > 7B F Jigsidd » B0 % NaOH 2 eppendorf > %
2~ §F 53 8] ¥T(counting vial)® o 4e » R RE PR MR o o PR AR
PRk #cl 5 £ (dpm)

(10) 2@ d 2. dpm # 3% = 14C0Oy 3 2 $ic > #1122 ODC 12 pmol

14C0O5 evolved/mg protein/h % 77
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(™) ERALFA Gk
1 ~®dr 2 2
Bl v RN A L2 A2 8 BhAERSA X > LT H

xl/Tj;t 7 Mxﬁ—‘g B amt% ) uﬂ’} zm#—ﬂpx‘i{o AN I e»[g}f@——;:

oo % - wmE e s 3p L A&I2 200 ul acetone (solvent control ) » I

b kais 4 200 ul acetone 5 % = B3P R a2 200 ul acetone 0 T A
i %5 200 pul TPA (25 uM ; final conc. 5 nmol ) ; % = 238 L i
200 AT (2.5 mM ) 7 ~ 4518 £ %5 200 ul acetone ; % 2 21 %
* B A2 200 pl * FEBRZAT(05~1.0% 25 mM)> T 445
{8 %5 200 Wl TPA » &4 %% = N 4rT i
& e B g ST
o e
SEHI SRR ) 5 55 e
Group 1 200 ul  Acetone 200 ul  Acetone
Group 2. 200 ul  Acetone 200 pl TPA (0.5 nmol)
Group 3. 200 ul AT (2.5 mM) 200 ul  Acetone
Group 4. 200 Wl AT (0.5 mM) 200 pl TPA (0.5 nmol)
Group 5. 200 Wl AT (1.0 mM) 200 ul TPA (0.5 nmol)
Group 6. 200 ul AT (2.5 mM) 200 pl TPA (0.5 nmol)
2 T

AP %1 E %Y Huang (68) £ A2 3 28— HiB&Fn = > )
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pRNFIMU L e N LA BR RS  - Ao X0 A
Bofe— R GER 18 ) PRI L BT R 2T 5 2cm X 2cm 0¥
A E = WE0e 3 109 neutral buffered formalin ¥ B 70 #1814
hematoxylin and eosin % ¢ (H&E stain) > 2 H FAeT
(1) "8 {s » 2% & A (hematoxylin) ;3% % 2~15 » 48 (PFR
ERkERARRLZA AT
(2) 1-kizik o
(3) MOSBERREFLAFFLI IR > H1-5F -
(4) &~ &k (" 1000 mlty iF oy & K 23F) 2 2B MES
9% Ky -
(5) »in ke Fieoed v 15 A dm o
(6) #1205%® Y Bk «dicf) 3 2 5%
(7) =10 i 80% ~90% ~ 959 ik ¢
(8) # » 1009 FH © = ™ %-1009%(1:1)i3 i 30 #) -
() B =0 ¥ AbgadDE =" F0) ~=-° FADAR L
30 45 o
(10) Mz 25 o
(11) %% -
AR FRDGEE R TEEL 43N
(1) * A & 5 & (Epidermal thickness) : & — 5+ 7 @ B8 B~ 5
kB ¥ T35, % 1 mean+SE k£ 7 o
(2) % % imve 28 (Leukocyte infiltration) {2 : 2 5'\%%’%7 B2 A R
7 4 % (acetone control)tt $& F A ¢ H %5 % X ' 2 (mononuclear

25



inflammation cells)s diffuse infiltration » % % 12 8 fic(slight,+) ~ ¢ &
(moderate,++)% £ A (severe,+++) k & 7 o
(3) & i 3 % (Hyperkeratosis ) : I+ 4 # #c(slight,+) ~ ¢ &
(moderate,++)% £ A (severe,+++) k & 7 o
AF B BACE A 40 (AR B R -
(1) XEERAKEABFT
1~& 4ol
Rp-ENA AR AFE RN PR ¥ 6 B A L e 5

IC L R R LY £ 7

N

e
|
nEr

)y & Etx:ﬁm‘zfg:@su/%;t 7

BB NS £ o kA B B Sk B o A e

44 200 pl acetone( solvent control ); & = %z initiator: B[a]P 200ul
(1mM ; final conc. 0.2 pmol ;3 >t jAgetone 29 » % - ¥ 1 % - o %

3 ¥ RJE

)
(w
o
*}
fin
\ AN!
F_&
*}
[
Iy
[

WA acetone W H L - ¥ L E- S

initiator (B[a]P) - =t *} » % = ¥ T % = L » ¥ %5 promoter : TPA 200

wl (25 uM ; final conc. 5nmol )> #iF = X ; ¥ 23 %= 2% L - iF
LA BP0 F oIS Le b hE %3 TPAHIT Ak TF

L2200l # kR 2 AT (05-1.0 % 25mM) > # 3= =X o %

AR F ¥

BRI Foa~¥%-tei/(FH3Ix) ¥Log
B
Group 1 Acetone(+£), Acetone + Acetone({s) Acetone

26



Group 2. Acetone(5L), Acetone + Acetone(?s) 2()()“1 B[a]P
(0.2 mol)
Group 3. 200ul Acetone(s£) Acetone + 200l TPA (0.5 nmol) (#4) 2()()“] B[a]P
(0.2 mol)
Group 4. 200 Wl AT (0.5 mM) (3£)+200ul TPA (0.5 nmol) (i) 2()()“1 B[a]P
(0.2 mol)
Group 5. 200 uI AT (1.0 mM) (3)+200 pl TPA (0.5 nmol) (i) | 200l B[a]P
(0.2 mol)
Group 6. 200 pl AT (2.5mM) (+£)+200 pl TPA (0.5 nmol) (%) | 200ul B[a]P
(0.2 mol)

2. B2

>

9 % % Huang (74) 73 2 Rp|E » F R - T X &R

A

(R ERl SRR - R R TG L
A=n/6xD1xD2) & B~ & & €3 Imm =idvigsd v 7 » 22 5 & & 45T
Ko Xk L &5 U tumors/mouse ¥ percentage/mice with

tumors k % 1 o

(+) &> gLk ;2 (Western blotting))

V%R

) T FF TR A RA SRR FA AR T E R
Pz e Py B8 A TR Y ARDFLITA o

(1) COX-2 £ iNOS : [} it ODC & i sk > % 5 5] “ﬁ% e B/
FINL By o aJd? TPA 2 % ek & <0 Ailanthoidol » 4§ 5 /] pF{8 >
ek BURAEPT F AL FUB-2 4L B o B 3% potassium phosphate
buffer ¥ > 32 F it 1512 20,000xg ~ 4C T s 30 A4 > BoH ‘}pi}‘z"ﬁ bl

80 Crkath * o
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2~ v FRE

1% % k& 2. BSA (Bovin Serum Albumin) #i &8 5. 5 22
comassieblue >t ZH ? F B 1 A48 E 3 A4k g 279 L E 595 nm
RIR sk iE > L3 IR Mo R RS g g R REREE
TA B A DRSS TER -

3 ~ SDS-PAGE

T E {2tk 80 ug o 4 > if £ ¢ sample buffer ( 2ml 0.5M
Tris-HCI(pH=6.8) ~ 1.6ml Glycerol ~ 3.2ml 10% SDS -~ 0.8ml
2- B -mercaptoethanol ~ 0.4ml 0.5% bromophenol blue );& & 323 & spin
down & 11 957C 4v #4 3~5 21481 3¢ F denature > v # % & {5 W i# 2
» ke L gr s G G0 Fierenature 0 AL (¢ #-4K& loading I SDS # ®
? (COX-2 % iNOS i *¥8% SDS ; connexinz * 12% SDS ) &7
WA e

4 ~ ##& 7% (Transfer)

FaaAakdis K,ért © AR 2 F-v B P ehstacking gel 0 2R (S ik
B #-a  ~ Jm A~ ¥ 5~ Nitrocellular membrane ~ jjg A ~ /4 47 3% ¥ >t
transfer * 2. 4 4g ¢ > ¥ ¥ ~ A H Y 0 0 100 REFHEF 1~1.5 ] pF o

5 ~ Immunoblot

Transfer % 2. NC membrane £ 14 Ponceau S 4 ¢ # 5 T p & 3-%
4 % 2. NC membrane » (5 #ic=x wash {& 12 59g% 75 2 47 (7% Y washing
buffer : PBS buffer with 0.5% tween-20) ** 8T F Ji& 1~2 ] FF » £
Z =t washo 4c » — &3R8 % Y 4°C k48 & J& overnighte =t P wash 5

= {s > f &F % * B4~ Horseradish peroxidase conjugated goated

28



anti-mouse/anti-rabbit antibody ** % /8 T & J& 60 4 4% > wash 5 =t & 4

»~ ECL plus chemiluminescence detection reagent ~ & 1 4~ 43 > 14

FUJIFILM LAS-1000 PLUS #_& 4~ #7 °

(_L__ ) AJ\_H. N

‘/LJP
2 35 Z8 (invivo) @ %& w1 8.6 B (n=6)> 2 Student’s

t-test “fu“’;‘l'/éo\’}fr y AT p<005 [Vias %}\’ T :; ,ﬁ 7%;”}% FJ/’J;E;,E'_ .

rrrrrr
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B R
- AT 5 o A4 PG4 2 Rl R

1995 DPPH test chip] .5 % » Bim AT $+p d 2 f4aics > 2
3 AR R TN R AT & 0.05mM-~0.1mM 2 02mM g% kR 7T
HF Hae 4 A w) i“f #cie 5 649%(P<0.001) ~ 849%(P<0.001)%2 939%
(P<0.00D)EFHEA P LG ZFM G 25T ATLET 8 R{E

it erge 4 o (Figure 1)

= AT % TPA # % ¥ 88 i K&z Joig] (T #
& TPA RlRiftsz. PN " SA L > LA EEEN » P23 H 44
B EoRFRIER % o A 3EE 12-0.5nmol TPA EJ2 [ u &

o BT E DY omm R Gk o HE SR SR e

Ik
Ik
=
&
~
S
X

oo @ FFE A AT 0.5mM Y 1.OmM & 2.5mM AT > 5 A 4ats R Y
0.5nmol TPA A&JZ » # A 4 TIE £ M7 » A 62 4 459 - 68
9% % 969 crfrd]rscdk » 1 1 AIFLAEIL AT2.5mM &@ » 2 L & § 87
Fraliedp g o SRR AT ¥ g 2% K TPA 51422 g U F o 2

=8

A& &3 sk o (Table 1)

b

= AT ¥ TPA #7353 e HyO, ehfr 4] (£ %

i TPA(Snmol)- =t 2 {65320 | 5o 304k dtrm 1 /| P
L ZFP R R23%% HO A 2 - BEFRAEF T 240
LR AL 165624.66 o7 HyOp E354 A 2 0 2.8 1 enif® 37 L AL
0.5mM ~ 1.0mM + 2.5mM 7 AT ik B T £ 839 ~ 909 ~ 96%
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Frf2c% o (Table 3)

w . AT % TPA #73% % o MPO trfir ] i+ #

oA ARSI R A% 20 B BFE {8 R TPA(S nmol)
BITMPO A 2 72 SR FRMAaF T3 20 4 & 4 344.53+55.05
9 MPO & 5 P Agent B XA % 28 B eniv* » FF L g2 0.5mM ~
1.0mM ~2.5mM h AT ek & ™ 2§ 589 ~ 619 ~ 979% chdrd| s %k o

(Table 4)

T AT % TPA 3% £ B 430 AT 3 4 2 Indlir *

2p mre e R 2 Rt o Beng B el B - ERR G F
FALFHAPE R G ER S R GARBUET 3 & L e R
BB 3 4v & HREF & i L %/ (Hyperkeratosis) A& 2 (75) 0 F % PF
# % TPA(5 nmol)3 !4z 45 & e figecsg > & % AT 5 EJ2 {8 ehjfe w] &
Tyt o B % A & & & (Epidermal Thickness) ~ % & ¥
=% (Leukocyte Infiltration) % % it L % (Hyperkeratosis) % = % i{»
kg oo md AKERY o h4k TPA = X 500 7 AL TPA H 4 5 5
H28 B ¥ a2 A RERZ AT (0.5mM ~ 1.0mM % 2.5mM) 2
o T EPREEFRRE DY A A FRBPOME; B L ek

B G A VTG B 4E TPA thion] @ H4cH BE M o A A

EL\.
(g“‘_

AT chle sl d > Bt g IR F LR 3 FiEdm g 13 bl
R4 2 B A A R g I A P A AR AT = 48 0.5mM-~ 1.0mM

% 2.5mM #| 2 ¢ $85 Ap e (42K chiT* o (Table 2.% Figure2)
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* AT % TPA # % % 8 4 § COX-2 £ iNOS v i % 2 Fri| (¥
g3 TPA ¢ A8 X B4 % LF o Flo »F Si&— #H 4 COX-2
Z INOS & #8225 U F 5 B 2 3—v 23 > d Figure. 3 ~ Figure. 4 %
oo X R A K & TPA(S nmol)EJ2 5 -] BT » /g a3 E27 INOS 3
6 Fendo R 0 e 7 L% 3 200 pl AT (0.5mM ~ 1.0mM % 2.5mM )
(SR %FMEF Prd] COX-2 3 Ui v 32 % 77% % 89% hie* >
10 %R iNOS #1721 % 81% % 100% 3% Fend o Fpt AT+
Fordr gl Wk F COX-2 2 iNOS eh& JRE ¥ &5 & E &5

BH o

= AT $ TPA # % £ QA&+ L ODC ;& 2] (T4
# L e A4+ & 2 eicosanoid st FHALF 0 B A 47 4o reactive

oxygen species (ROS)¥¥ prostaglandins ; w o 4 B ¥ /& it ornithine
decarboxylase (ODC) > }* % % 5 polyamine biosynthesis 733 7% %
A_tumor promotion gk - o Tt i Fres v aE A LR
£ 3 tumor promotion 2z ¥ * > & 8- HFx T AT #7308 L F Bearx
% 0 AEFIE AL RJIE 0.5mM -~ 1.0mM 2 2.5mM AT s £ 12 TPA 200 ul
TPA (25 puM ; final conc. 5 nmol ) EJE 5 /| FF » B=TF & J {8 U
DL-["*CJornithine hydrochloride % B if ] ODC 2 78 12> TPA cueif
#ODCEM 2 A a5 L RJT AT e S @ B4 B 5 scdrd] 7 ODC

275 81.5% 85.2% % 91.3% ehik %5 c% o (Figure.5)

N CAT % TPA 3% & R A K MRz ] (£
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7 ICR ,% female mice X e FRECIRIR (T* AF ML F 4 » 3 F
T g & 2 iv% H A% - =4~ 200 ul acetone ( solvent control ) &_
S FAEAlE A% 2T % - e 4o r 200 pl (0.5 nmol)TPA A
promotor ¥ ¢t @ T A 454 B et > A Bk & 200ul (0.5 mM) ~200ul (1.0
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M. Bl#
Table 1. Inhibitory effect of AT on TPA-induced edema of mouse ear

Group Treatment * Weight/punch/mg " Inhibition/% °
1 Acetone 7.6 + 1.51 —
2 TPA 12.9 + 1.06 —
3 AT (2.5mM) 8.0 + 0.81 —
4 AT (0.5mM) + TPA 10.5 + 1.04 * 45
5 AT (1.0mM) + TPA 9.3 + 1.75%* 68
6 AT (2.5mM) + TPA 7.8 £ 0.83%* 96

a. Mouse ears were treated with ag€ton@€(20 ul) ~ TPA (0.5 nmol) in acetone (20 pl) or TPA (0.5 nmol) together with AT in
acetone (20 ul). Five hours latet; the-animals were killed by cervical dislocation and ear punches (diameter 6 mm,
measured from the apex)were weighted.

b. The data represent the meéan+SD-from6 mice/group

c. Percent of inhibition (%)= [Group 2-group 4(or 5...)/Group 2-group 1] x100%
*P <0.05, **P <0.01 as cempared with TPA-treated group. (n=6)
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Table 2. Inhibitory effect of AT on TPA-induced morphological changes in epidermis

Group Treatment Epidermal Leukocyte Hyperkeratosis d
Thickness,” pm Infiltration °
1 Acetone 2460 £ 9.16 — —
2 TPA 70.71 + 1542 +++ ++
3 AT (2.5mM ) 16.45 + 3.42 — —
4 AT (0.5mM) + TPA 62.50 £ 6.55 ++ +
5 AT (1.0mM) + TPA 59.18 £ 8.76* ++ +
6 AT (2.5mM) + TPA 57.50 £ 2.67** ++ +

a. Mouse dorsal were treated topically with acetone (200 ul), TPA (5 nmol)

in acetone (200 pl) or TPA (5 nmol) with

AT in acetone (200 ul) twice a 'day for+7.days. Animals were killed 18 hours after last dose, and skins were processed for

histological test.

b. The data represent the mean+SD_ftont 3 miee/group and screen 5 fields/rat.

c. Leukocyte infiltration that was normal( — ), imederate(++) and severe(+++) was characterized by diffuse infiltration of
mononuclear infiltrating.cells in dermis compdred with acetone controls.

d. Hyperkeratosis was notmal(—), slight(+) or moderate(++) was characterized compared with acetone controls.

*P <0.05, **P <0.01. Statistieally from TPA greup, t-test. (n=6)
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Table 3.Inhibitory effect of AT on the formation of H,O, in mouse epidermis treated with TPA

Group Treatment” H,0,/nmol/cm>" inhibition /%°
1 Acetone 5.78 £ 1.49 —
2 TPA 16.56 + 4.66 —
3 AT (2.5mM) 531 + 1.63 —
4 AT (0.5mM) + TPA 7.57 £+ 3.26* 83
5 AT (1.0mM) + TPA 6.84 + 2.72% 90
6 AT (2.5mM) + TPA 6.14 + 3.28* 96

a. Mouse dorsal were treated topically with acetone (200 ul), TPA (5 nmol)

in acetone (200 pl) or TPA (5 nmol) with

AT in acetone (200 pl). Animalswere killed 1 hour after the second TPA application and skins were removed.

b. H,O, activity was determined:tépresent the mean+SD from 6 mice/group
c. Percent of inhibition(%)=Group2:Grotp3(or4,5,6)/Group2-Group x100%

*P < 0.05,. Statistically different from TPA groupst-test. (n=6)
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Table 4.Inhibitory effect of AT on the MPO activity in mouse skin treated with TPA

Group Treatment® MPO/units/cm>" inhibition /%"
1 Acetone 1236 + 5.23 —
2 TPA 344.53 + 55.05 —
3 AT (2.5mM ) 15.76 + 8.87 —
4 AT (0.5mM) + TPA 150.66 = 39.06* 58
5 AT (1.0mM) + TPA 141.76 + 38.43* 61
6 AT (2.5mM) + TPA 21.29 + 5.24%* 97

a. Mouse dorsal were treated topically with acetone (200 ul), TPA (5 nmol)

in acetone (200 pl) or TPA (5 nmol) with

AT in acetone (200 pl). Animalswere killed 1 hour after the second TPA application and skins were removed.

b. H,0, activity was determineditepresent the mean+SD from 6 mice/group
c. Percent of inhibition(%)=Group2:Grotp3(or4,5,6)/Group2-Group x100%

*P < 0.05, Statistically different from TPA group,t-test. (n=6)
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Fig 1. Effect of AT on DPPH-bleaching.

The reaction mixture contained, in“3“ml of methanol, 10mM DPPH and
various concentration of AT in DMSO. After 30 min at room temperature,
1 ml of redistilled water and 3 ml toluene were added and samples were
mixed and centrifuged. The absorbance of the upper phase was read at
517 nm. Percentage of DPPH bleaching = [(absorbance of DMSO —
absorbance of test) / absorbance of DMSO]x1009% ; Data represent the
mean+SD from three independent experiments.

*P <0.0001, Compared with solvent control, t-test.(n=3)
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(C) AT 2.5mM
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(E) AT 1.0mM + TPA
R T
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Fig 2. Inhibitory effect of Ailanthoidol on TPA-induced epidermal
hyperplasia in mice.

Mouse dorsal were treated twice a day for 7 days, and animals were
sacrificed 18 hours after last dose; skin biopsies were processed for
hematoxylin and eosin staining. (A) Section of the skin from a control
animal treated with solvent (acetone). (B) Section of the skin from an
animal treated with TPA (5 nmol), showing severe leukocyte infiltration
in the dermis (white arrow), and the epidermis become thickened (arrow
head), severe hyperkeratosis (black arrow) and hyperplasia with
dysplastic cells. (C) Section of the skin from an animal treated with
2.5mM Ailanthoidol, showing mild infiltration (white arrow). (D) Section
of the skin from an animal pretreated with 0.5mM AT and then with TPA,
showing moderate leukocyte infiltration in the dermis (white arrow), and
the epidermis become thickened (arrow head), slight hyperkeratosis
(black arrow) and hyperplasia with: dysplastic cells. (E) Section of the
skin from an animal pretreated™with 1.0mM AT and then with TPA,
showing similar to (D). (F){Section of thesskin from an animal pretreated
with 2.5mM AT and then with TPA; shoWing similar to (D).
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Fig 3. Effect of AT on the expression of epidermis COX-2 after TPA
administration in mouse.

Mouse dorsal shaven area was treated topically with acetone (0.2 ml),
TPA (0.025 mM) in acetone or AT (0.5~2.5 mM) along with/without TPA.
Five hours after the treatment, the mice were killed and the epidermis
were removed from skins as described in the text. Immunoblotting
analyses of COX-2 of epidermis were done, the data are presented from
one mouse per group and each lane contained 80 pg protein. Other rats in
each group showed patterns of protein expression of the COX-2 similar to
the representation. *P<0.01 compared with the group treated with TPA
alone. (n=6)
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Fig 4. Effect of Ailanthoidol on the expression of epidermis iINOS
after TPA administration in mouse.

Mouse dorsal shaven area was treated topically with acetone (0.2 ml),
TPA (0.025 mM) in acetone or Ailanthoidol (0.5~2.5 mM) along
with/without TPA. Five hours after the treatment, the mice were killed
and the epidermis were removed from skins as described in the text.
Immunoblotting analyses of iNOS of epidermis were done, the data are
presented from one mouse per group and each lane contained 80 pg
protein. Other rats in each group showed patterns of protein expression of
the iINOS similar to the representation. *P<0.05, **P<0.001 compared
with the group treated with TPA alone. (n=6)
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Fig 5. Inhibitory effect of AT on TPA-induced-epidermal ornithine
decarboxylase activity.

Mouse dorsal was treated topically with acetone (0.2 ml), TPA (5 nmol)
in acetone or AT (0.5~2.5 mM) along with/without TPA. Mice were killed
five hours later and the epidermis was isolated. Ornithine decarboxylase
activity was determined and the activity was presented as pmol CO,/mg
protein/h. *P<0.001, **P<0.0001compared with the group treated with
TPA alone. (n=06)
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Fig. 6 Inhibitory effect of AT on TPA-Induced tumor promotion in
mouse skin.

Mice dorsal shaven area was treated topically with acetone (0.2 ml), TPA
(5 nmol) in acetone or AT (0.5-2.5 mM) along with/without TPA three
times per week. After 12 weeks, the mouse was treated with B[a]P except
solvent control (acetone) group. After another 12 weeks, mouse was
sacrificed and skin tumors >1 mm diameter were counted and recorded
every week. The inhibitory effect of AT were showed by percentage of
mouse with Papillomas. (n=6)
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Fig. 7 Inhibitory effect of AT on TPA-Induced tumor promotion in
mouse skin.

Mice dorsal shaven area was treated topically with acetone (0.2 ml), TPA
(5 nmol) in acetone or AT (0.5-2.5 mM) along with/without TPA three
times per week. After 12 weeks, the mouse was treated with B[a]P except
solvent control (acetone) group. After another 12 weeks, mouse was
sacrificed and skin tumors >1 mm diameter were counted and recorded
every week. The inhibitory effect of AT were showed by average number
of papillomas/mouse. (n=6)

-49 -



(a).Acetone (b) TPA 0.5nmol

(¢) AT 2.5mM

(e) AT 1.0 mM +TPA 0.5 nmol (f) AT 2.5 mM +TPA 0.5 nmol

Fig. 8 Inhibitory effect of AT on TPA-induced tumor promotion with
B|a]P initiation in mouse skin.

(a).acetone

(b) Acetone+ B[a]P(0.2 mol)

(c) Acetone + TPA (0.5 nmol)

(d)~(H AT (0.5 mM, 1.0 mM, 2.5 mM ) + TPA (0.5 nmol)+ B[a]P(0.2 mol)
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(A) Dorsal skin of control mouse
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Fig. 9 Pathology of normal and tumor skin of mouse.

Sections from squamous carcinomas from dorsal skin of control mouse
(A) and squamous papillomas from stimulator-treated mouse (B).
Section of the skin from an animal treated with TPA (5 nmol) and B[a]P,
showing have squamous papillomas formation.

-51]-



MRS

1. Sheen, W. S., The chemical constituents of stem woods of Zanthoxylum
ailanthoides in Taiwan. Graduate Institute of Pharmaceutical Sciences,
Kaohsiung Medical College, Taiwan, 1992, 1-8 .

2. Fokialakis, N., Magiatis, P., Mitaku, S., Pratsinis, H., Tillequin, F.
Estrogenic activity of phenylpropanoids from Sarcomelicope

megistophylla and structure determination of a new norneolignan
Planta Med. 2003, 69, 566-568.

3. Huang, M. T., Ho, C. T., Wang, Z. Y., Ferraro, T., Finnegan-Olive, T.,
Lou, Y. R., Mitchell, J. M., Laskin, J. D., Newmark, H., Yang, C. S.,
Conney, A. H. Inhibitory effe€t-of-topical application of a green tea

polyphenol fraction on tumer initiation and promotion in mouse skin.
Carcinogenesis 1992, 13, 947-954.

4. Chen, L. C., Sly, L., Junes, C. S., Tarone, R., Deluca, L. M. Differential
effects of dietary P-careteéne on,papilloma~and carcinoma formation
induced by an initiation-prometion; protoeol in SENCAR mouse skin.
Carcinogenesis 1993, 14, 713-71].

5. Kozumbo, W. J., Seed, J. L., Kensler, T. W. Inhibition by 2(3)-
tert-butyl-4-hydroxy anisole and other antioxidants of epidermal
ornithine  decarboxylase activity induced by 12-O-tetrade-
canoylphorbol-13-acetate. Cancer Res. 1983, 43, 2555-2559.

6. Huang, M. T., Wang, Z. T., Georgiadis, C. A., Laskin, J. D., Conney, A.
H.Inhibitory effects of curcumin on tumor initiation by

benzo[a]pyrene and 7,12-dimethylbenz[a]anthracene. Carcinogenesis
1992, 13, 2183-2186.

7. Linsalata, M., Cavallini, A., Di Leo, A. Polyamine oxidase activity and
polyamine levels in human colorectal cancer and in normal
surrounding mucosa. Anticancer Res. 1997, 17, 3757-3760.

-52-



8. Hong, S.H., Avis, 1., Vos, M. D., Martinez, A., Treston, A.M., Mulshine,
J.L. Relationship of arachidonic acid metabolizing enzyme expression

in epithelial cancer cell lines to the growth effect of selective
biochemical inhibitors. Cancer Res. 1999, 59, 2223-2228.

9. Brown, N.S., Bicknell, R.Hypoxia and oxidative stress in breast cancer:
Oxidative stress - its effects on the growth, metastatic potential and

response to therapy of breast cancer. Breast Cancer Res. 2001, 3,
323-327.

10. Tanaka, T. Chemoprevention of human cancer: biology and therapy.
Crit. Rev. Oncol. Hematol. 1997, 25, 139-174.

11. Digiovanni, J. Multistag¢! carcinogeneisissindmouse skin. Pharmacol
Therapy 1992, 54, 63-128.

12. Xiong, Q. B., Shi, D.CZW., Morphological and histological studies of
Chinese traditional drugi"hua jiae'n(pericarpium zanthoxyli) and its
allied drugs. Yao Xue Xue Bao 1991} 26,,938-47.

13. Sheen, W. S., Tsai, I. L., Teng, C. M., Chen, I. S. Nor-neolignan and
phenyl propanoid from Zanthoxylum ailanthoides. Phytochem. 1994,
36, 213-215.

14. Lin, S. Y., Chen, C. L., Lee, Y. J. Total synthesis of Ailanthoidol and
precursor XH14 by Stille Coupling. J. Org. Chem. 2003, 68,
2968-2971.

15. Kao, C. L., Chern, J. W. A novel strategy for the synthesis of
Bnzofuran skeleton neolignans: application to ailanthoidol,

XH-14,and obovaten. J. Org. Chem. 2002, 67, 6772-6787.

16. Lambert, J. D., Meyers, R. O., Timmermann, B. N., Dorr, R. T.

-53 -



tetra-O-Methylnordihydroguaiaretic acid inhibits melanoma in vivo.
Cancer Lett. 2001, 171, 47-56.

17. Ikeda, R. N., Nagao, T., Okabe, H., Nakan, Y., Matsunaga, H., Katano,
M., Mori, M. Antiproliferative constituents in umbelliferae plants. III.
Constituents in the root and the ground part of Anthriscus sylvestris
Hofftm Chem. Pharm. Bull. 1998, 46, 871-874.

18. Craigo, J., Callahan, M., Huang, R.C., DeLucia, A. L. Inhibition of
human  papillomavirus type 16 gene  expressive by

nordihydroguaiaretic acid plant lignan derivatives. Antiviral Res.
2000, 47, 19-28.

19. Gordaliza, M., Castro, M. A.;del"Corral, J. M. M., Lopez-Vazquez,

M. L. In vivo immunosyppressive activity=ef some cyclolignans. Med.
Chem. Lett. 1997, 7, 2781-2786.

20. Chen, C. C., Hsin, W. C.; Ko, F. N., Huang,~Y; L., Ou, J. C., Teng, C.

M. Antiplatelet arylnaphthalide dignans fiom Justicia procumbens. J.
Nat. Prod. 1996, 59, 1149-1150.

21. Silva, D. H., Pereira, F. C., Zanoni, M. V., Yoshida, M. Lipophyllic

antioxidants from [lryanthera juruensis fruits. Phytochem. 2001, 57,
437-442.

22. Brader, G., Vajrodaya, S., Greger, H., Bacher, M., Kalchhauser, H.,
Hofer, O. Bisamides. lignans triterpenes and insecticidal cyclopenta

[b]-benzofurans from Aglaia species. J. Nat. Prod. 1998, 61, 1482-
1490.

23. Borsato, M. L., Grael, C. F., Souza, G. E., Lopes, N. P. Analgesic

activity of the lignans from Lychnophora ericoides Phytochem. 2000,
55, 809-813.

-54 -



24.

25.

26.

217.

28.

29.

30.

31.

32.

Zacchino, S., Rodriguez, G., Pezzenati, G, Orellana, G.  In  vitro
evaluation of antifungal properties of 8.0.4'-neolignans. J. Nat. Prod.
1997, 60, 659-662.

Ward, R. S. Lignans, neolignans, and related compounds. Nat. Prod.
Rep. 1995, 12, 183-205.

Den, T. I., Lital, K. B., Pieter, V. V., Arts, C. J., Adlercreutz, H.,
Thijssen, J. H. Urinary phytoestrogens and postmenopausal breast
cancer risk. Cancer Epidemiol. Biomarkers Prev. 2001, 10, 223-228.

Chien, C. T., Chou, S. T., Chung, Y. C. Studies of the antioxidant
activity and the safety of Zanthoxylum ailanthoides Sieb & zucc. The
29th Nutrition Congress of Taipei;2003

Morita, N., Shimizu, M.>Studies-on*the medical resources. XXV. The

components in the oot bark of Zanthoxylum ailanthoides Engl.
Yakugaku Zasshi. 1966, 86,732-4.

Cheng, M. J. Studies on the ‘Chemical Constituents and Biological
Activities from Formosan Plants-Zanthoxylum ailanthoides, Z.
beecheyanum, Z. schinifolium, Machilus zuihoensis and Peperomia sui.
Graduate Institute of Pharmaceutical Sciences, Kaohsiung Medical
University, Kaohsiung, Taiwan , 2002.1-12

Adlercreutz, H.,Mazur,W. Phyto-oestrogens and Western diseases.
Ann. Med. 1997, 29, 95-120.

Bingham, S. A., Atkinson, C., Liggins, J., Bluck, L., Coward. A.
Phyto-oestrogens: where are we know? J. Nutr. 1998, 79, 393-406.

Seymour, J. K. Myeloperoxidase:friend and foe. Journal of Leukocyte
Biology 2005, 77, 598-617.

-55-



33. Banerjee, S., Manna, S., Black tea polyphenols suppress cell
proliferation and induce apoptosis during benzo(a)pyrene-induced
lung carcinogenesis. Eur. J. Cancer Prev. 2005 3,215-221.

34. Slaga, T. J. Overview of tumor promotion in animals. Environ. Health.
Perspect. 1983, 50, 3-14.

35. Guo, Y., Cleveland, J. L., O' Brien, T. G. Haploinsufficiency for odc
Modifies mouse skin tumor. Cancer Res. 2005, 15, 1146-1149.

36. DiGiovanni, J. Multistage carcinogenesis in mouse skin. Pharmacol.
Therapy 1992, 54, 63-128.

37. DiGiovanni, J. Modification of multistage carcinogenesis. In: Ito, N.,
Sugano, H. (Ed.), Modification of TumerMevelopment in Rodents.
Prog . Exp.Tumor Res. 1991, 33;.192-229.

38. Katiyar, S. K., Mukhtat, H. Inhibition of-_phorbol ester tumor
promoter 12 -O- tetradecanoylphenbel- 13--dectate - caused inflamm-

atory responses in SENCAR mouse skimby black tea polyphenols.
Carcinogenesis 1997, 18, 1911-1916.

39. Slaga, T. J., Fischer, S. M., Weeks, C. E., Klein-Szanto, A. J.P.,
Reiners, J. Studies on the mechanisms involved in multistage
carcinogenesis in mouse skin. J. Cell. Biochem. 1982, 18, 99-119.

40. Kim, M., Murakami, A., Kawabata, K., Ohigashi, H. (-)-Epigallo
catechin-3-gallate promotes pro-matrix metal proteinase-7 production
via activation of the JNK1/2 pathway in HT-29 human colorectal

cancer cell. Carcinogenesis 2005, in press.

41. Momdal, S., Brankow, D. W., and Heidelbergor, C. Two-stage
chemical oncogene is culture of C3H10T1/2 cells. Cancer Res. 1976,
36, 2254-2260.

- 56 -



42. Chun, K. S., Kang, J. Y., Kim, O. H., Kang, H., Surh, Y. J. Effects of
yakuchinone A and yakuchinone B on the phorbol ester-induced
expression of COX-2 and iNOS and activation of NF-kB in mouse
skin. J. Environ. Pathol. Toxicol. Oncol. 2002, 21, 131-139.

43. Katiyar, S. K., Rupp, C. O., Korman, N. J., Agarwal, R., Mukhtar, H.
Inhibition of 12-O-tetradecanoylphorbol-13-acetate and other skin
tumor promoter-caused induction of epidermal interleukin-1 alpha
mRNA and protein expression in SENCAR mice by green tea
polyphenols. J. Invest. Dermatol. 1995, 105, 394-398.

44. Katiyar, S. K., Agarwal, R., Mukhtar, H. Inhibition of tumor
promotion in SENCAR mous€: skin by sethanol extract of Zingiber
officinale rhizome. Canc¢erRes. 1996, 56, 4023-1030.

45. Seo, H. J., Park, K. K5"Han, S. S.; Chung, W Y., Son, M. W., Kim,
W.B., and Surh, Y.JZInhibitory effects ofithe standardized extract
(DA-9601) of Artemisia’ asiatiea:c(Nakai-on phorbol ester-induced
ornithine decarboxylase activity, ~ papilloma  formation,
cyclooxygenase-2 expression, inducible nitric oxide synthase
expression and nuclear transcription factor kappa B activation in
mouse skin. Int. J. Cancer 2002, 100, 456-462.

46. Wei, H. and Frankel, K. /n vivo formation of oxidized DNA bases in
tumor promoter-treated mouse skin. Cancer Res. 1991, 51,
4443-4449,

47. Xie, W. L., Chipman, J. G., Robertson, D. L., Erikson, R. L., and
Simmons, D. L. Expression of a mitogen-responsive gene encoding
prostaglandin synthase is regulated by mRNA splicing. Proc. Natl.
Acad. Sci. 1991, 88, 2692-2696.

48. Vane, J.R. Inhibition of prostaglandin synthesis as a mechanism of

-57 -



action for aspirin-like drugs. Nature New Biol. 1971, 231, 232-235.

49. Kuo, C. L., Chi, C. W,, Liu, T. Y. The anti-inflammatory potential of
berberine in vitro and in vivo. Cancer Lett. 2004, 203, 127-137.

50. Afaq, F., Saleem, M., Aziz, M. H., Mukhtar, H. Inhibition of
12-o-tetradecanoylphorbol-13-acetate-induced  tumor promotion
markers in CD-1 mouse skin by oleandrin. Toxicolo.and
Appl.Pharma. 2004, 195, 361-369.

51. Ben-Av, P., Crofford, L. J., Wilder, R. L., Hla, T. Induction of vascular
endothelial growth factor expression in synovial fibroblasts by
prostaglandin E and interleukin-1: a potential mechanism for
inflammatory angiogenesis. FEBS Lett.,.1995, 372, 83-87.

52. Lowenstein, C. J., Hill,;S. L., -Eafond-Walker, A., Wu, J., Allen, G,
Landavere, M., Rose;"N. R., and HerskowitzzA. Nitric oxide inhibits

viral replication in murine myocarditis. J=Clin. Invest. 1996, 97,
1837-1843.

53. Hibbs, J. B., Taintor, R. R., and Vavrin, Z. Macrophage cytotoxicity:

role of L-arginine deiminase and iminonitrogen oxidation to nitrite.
Sci. 1987, 235, 473-476.

54. Ohshima, H., and Bartsch, H. Chronic infections and inflammatory
processes as cancer risk factors: possible role of nitric oxide in
carcinogenesis. Mut. Res. 1994, 305, 253-264.

55. Duval, D. L., Miller, D. R., Collier, J.,, and Billings, R. E.
Characterization of hepatic nitric oxide synthase: identification as

the cytokine-inducible form primarily regulated by oxidants. Mol.
Pharmacol. 1996, 50, 277-284.

-58 -



56.

57.

58.

59.

60.

61.

62.

Vodovotz, Y., Lucia, M. S., Flanders, K. C., Chesler, L., Xie, Q. W.,
Smith, T. W., Weidner, J., Mumford, R., Webber, R., Nathan, C.,
Roberts, A. B., Lippa, C. F., and Sporn, M. B. Inducible nitric oxide

synthase in tangle-bearing neurons of patients with Alzheimer's
disease. J. Exp. Med. 1996, 184, 1425-1433.

Eissa, T., Yuan, J. W., Haggerty, C. M., Choo, E. K., Palmer, C. D.,
and Moss, J. Cloning and characterization of human inducible nitric
oxide synthase splice variants: A domain, encoded by exons 8 and 9,
i1s critical for dimerization. Proc. Natl. Acad. Sci. 1998, 95,
7625-7630.

Yamashita, M., Ashino, S., Oshima, Y., Kawamura, S., Ohuchi, K.,
Takayanagi, M. Inhibition “-of "“TPAsinduced NF- x B nuclear
translocation and production of NO and PGE, by the anti-rheumatic
gold compounds. J. Pharm. Pharmacol. 2003, 55, 245-251.

Marton, L. J., and Pegg; A. E. Polyamines-as targets for therapeutic
intervention. Annu. ReviPharmstox. 1995,35, 55-91.

Auvinen, M., Paasinen, A., Andersson, L. C., and Holtta, E.

Ornithine decarboxylase activity is critical for cell transformation.
Nature 1992, 360, 355-358.

Mohan, R. R., Challa, A., Gupta, S., Bostwick, D. C., Ahmad, N.,
Agarwal, R., Marengo, S. R., Amini, S. B., Paras, F., MacLennan, G
T., Resnick, M. 1., and Mukhtar, H. Overexpression of ornithine

decarboxylase in prostate cancer and prostatic fluid in humans. Clin.
Cancer Res. 1999, 5, 143-147.

Auvinen, M. Cell transformation, invasion, and angiogenesis: a
regulatory role for onithine decarboxylase and polyamines? J. Natl.
Cancer Inst. 1997, 89, 533-537.

-59 -



63. Nakadate, T., Aizu, E., Yamamoto, S., Fujiki, H., Sugimura, T., and

64.

65.

66.

67.

68.

69.

70.

Kato, R. Inhibition of teleocidin-caused epidermal ornithine
decarboxylase induction by phospholipase A2-, cyclooxygenase- and
lipoxygenase-inhibitots. Jpn. J. Pharmacol. 1985, 37, 253-258.

Zhang, H., Lin, L., Cheng, L., Zhang, p. Express of plasma ROS,
SOD and GSH-PX in patients with nasopharyngeal carcinoma.
Lin Chuang Er.Bi.Yan Hou Ke Za Zhi 2003, 17, 650-651.

Shimada, K., Fujikawa, K. Antioxidative properties of xanthan on the
autoxidation of soybean oil in cyclodextrin emulsion.
J. Agr. Food chem. 1992, 40, 945-948.

Ursini,F., Maiorino,M., Morazzoni;P., Roveri,A., Pifferi,G. A novel
antioxidant flavonoid (1dB¥1031) affectmgamolecular mechanisms of
cellular activation. Free Radie.Biol==Med. 1994, 16, 547-553.

Shimada, K., Fujikawa, K., Yahar, K. and Nakamura, T. Antioxidative
properties of xanthan““on theasutoxidation of soybean oil in
cyclodextrin emulsion. J. Agr [Food(Chem. 1992, 40, 945-948.

Huang, M. T., Smart, R. C., Wong, C. Q., and Conney, A. H.
Inhibitory effect of curcumin, chlorogenic acid, caffeic acid, and
ferulic acid on tumor promotion in mouse skin by
12-O-tetradecanoylphorbol-13-acetate. Cancer Res. 1988, 48,
5941-5946.

Pick E and Keisari Y., A simple colorimetric method for the
measurement of hydrogen peroxide produced by cells in culture.
J. Immunol. Methods 1980, 38, 161-170.

Wei, H., Tye, L., Bresnick, E., Brit, D.F., Inhibitory effect of apigenin,

a plant flavonoid, on epidermal ornithine decarboxylase and skin

tumor promotion in mice Cancer Res. 1990, 50, 499-502.

- 60 -



71. Huachen, W., Krystyna, F. Suppression of tumor promoter induced
Oxidative events and DNA damage in vivo by Sarcophytol A: A
possible mechanism of antipromotion. Cancer Res. 1992, 52, 2298-
2303.

72. Krystyna, F. Carcinogen-mediated oxidant formation and oxidative
DNA damage. Pharmac.Ther.,1992, 53, 127-166.

73. Smart, R. C., Huang, M. T., and Conney, A. H. sn-1,2-Diacylglycerols
mimic the effects of 12-O-tetradecanoylphorbol-13-acetate in vivo by
inducing biochemical changes associated with tumor promotion in
mouse epidermis. Carcinogenesis 1986, 7, 1865-1870.

74. Huang, M. T., Wang, Z. Y., Geetgiadis, €. A., Laskin, J. D., Conney,
A. H. Inhibitory effects” of curcumin-gon tumor initiation by
benzo[a]pyrene and 7;12-dimethylbenz[a]anthracene. Carcinogenesis
1992, 13, 2183-2186:

75. Fuchs, E. Epidermal differentiation: the bate jessentials. J. Cell Biol.
1990, 111, 2807-2814.

76. O'Brien, T. G., Simsiman, R. C.; and Boutwell, R. K. Induction of the
polyamine- biosysthetic enzyme in mouse epidermis by
tumor-promoting agents. Cancer Res. 1975, 35, 1662-1670.

77. Lim, J. S., Frenkel, K., and Troll, W. Tamoxifen suppresses tumor
promoter-induced hydrogen peroxide formation by human
neutrophils. Cancer Res. 1992, 52, 4969-4972.

78. Lee, M. J., Wang, C. J., Tsai, Y. Y., Hwang, J. M., Lin, W. L., Tseng,
T. H., and Chu, C.Y. Inhibitory effect of 12-O- tetradecanoylphorbol

-13-acetate-caused tumor promotion in benzo[a]pyrene-initiated
CD-1 mouse skin by baicalein. Nutr. Cancer 1999, 34, 185-191.

-61 -



79.

80.

81.

82.

83.

Lewis, J. G, and Adams, D. O. Early inflammatory changes in the
skin of SENCAR and C57BL/6 mice following exposure to
12-O-tetradecanoylphorbol-13-acetate. Carcinogenesis 1987, 8,
89-898.

Copeland, E. S. A national institutes of health workshop report. free
radicals in promotion -- a chemical pathology study section workshop.
Cancer Res. 1983, 43, 5631-5637.

Reiners, J. J., Pence, B. C., Barcus, M. C., and Cantu, A. R.
12-O-tetradecanoylphorbol-13-acetate-dependent ~ induction  of

xanthine dehydrogenase and conversion to xanthine oxidase in
murine epidermis. Cancer Res. 1987, 47, 1775-1779.

Solanki, V., Rana, R4Sk and Slaga, ¥Iz4J. Diminution of mouse
epidermal superoxide¢ dismutaseand catalase activities by tumor
promoters. Carcinogemnesis 1981, 2, 1141-1146.

Reiners, J. J., Thai, G, Pavone, Aeg:Rupp,~LyKodari, E. Modulation
of catalase activities in murine/épidermal cells as a function of

differentiation and exposure to 12-O- tradecanoyl-phorbol-13-acetate.
Carcinogenesis 1990, 11, 957-963.

-62 -



Complete Tumor Promotion

AN
- N

o Stage I Promotion Stage II Promotion .
Initiation . , Progression Cancer
(Conversion) (Clonal expansion)

A

Stages at witch genetic events are likely to involve ROS and/or free radical

B.

4

Stage I Promotion Stage II Promotion

Initiation Progression Cancer

(Conversion) (Clonal expansion)

A

Stages at witch genetic events are likely to involve ROS and/or free radical

4

"+ Bl - ~ Simplified model‘of multi-stage carcinogenesis

Arrows point to stages at which genetic events are likely to involve ROS
and/or free radical.

-63 -



- 64 -



*+ Bl = ~ Structure of the Lignane and neolignan

If the two C¢C; units (a) are linked by a B,B'-bond the parent structure
lignane (b) is used as the basisfor naming the lignan.(c) neolignan
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*+® I -~ Structure of the Benzo[a|pyrene C,oH;;
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Phorbol 12-myristate 13-acetate (PMA) 6r Tetradecanoylphorbol Acetate
(TPA).
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